The composite allotransplant of tissues was recently introduced on the list of potential procedures for complex face reconstruction.
Introduction
The face has an essential role in defying identity and interpersonal communication. Therefore, it should be seen as a functional and esthetic unit. Its deformities produce a serious psychological disability, and face reconstructions after deep burns, tumor excision or trauma represent a serious challenge for the plastic surgeon. Unfortunately, the result of the conventional reconstructive procedures is not satisfactory and is often a face that seems a mask lacking expression, having an improper esthetic look.
The composite allotransplant of tissues was only recently introduced as a potential procedure for complex face reconstruction. To assess the technical and immunological aspects and the potential of clinical applicability of this new approach in face reconstruction, samples of total and hemifacial transplant in rats have been introduced. We have proposed in this study checking the versatility of the facial transplant sample by performing the hemiface transplant of two neco-blood species of laboratory rats. Meanwhile, study included the verification of mono-therapy efficiency with A cyclosporine in inducing immune tolerance against the composite tissue graft, which consists of skin, subcutaneous tissue, blood vessels and ear cartilage, transferred against the hystocompatibility barriers, as well as the verifi cation of the procedures adjacent to transplant: anesthesia and surgical technique.
Method
In this study,14 laboratory rats , 6 of which were Wistar with an average weight of 304,16 grams and 8 Brown Norway with a weight of 302,5 grams, were divided into 3 lots.
Lot No. 1 was represented by 2 Brown Norway rats used for the anatomic study of the vascular formations which are going to be coopted during a facial transplant (Figure 2) .
Lot No. 2 consisted of 3 Brown Norway rats used as donors ( Figure 1 ) and 3 Wistar rats used as acceptors ( Figure 4 and 5) with these transplants being associated immunosuppression protocols.
Lot No. 3 consisted of 3 Brown Norway rats used as donors and 3 Wistar rats used as acceptors, which, after the intervention, did not receive an immunosuppression treatment. All the hemiface donors were euthanized. All the animals used in this study received a treatment according to the European standards stipulated by the European Convention of Animal Care (Decree 609/1986), as well as the ones stipulated in "Laboratory Animal Care" and in "The Use and Care Guide of Table 1) .
The transplants were made by means of an operator microscope, having a 20X magnifi cation ( Figure 6, 7  and 8 ). The rats were kept into a day-and-night cycle of 12/12 hours of light/darkness.
The laboratory anesthesia was achieved with a mix of Ketamine 40 mg/kg, Xylazine 8 mg/kg, and Diazepam 5 mg/kg, intraperitoneally introduced. The maintenance of the anesthesia was performed with Ketamine 5 mg/ kg, Xylazine 3.5 mg/kg,each 30 minutes ( Table 2 ).
The vascular bundle of the fl ap consists of the common carotid artery and external jugular vein ( Figure 2 and 3), which were anastomozed to the homonymous vessel in the recipient subject. The skin from one side of the recipient was detached as "all thickness of the split skin", avoiding the periorbital and perioral skin, so as not to disturb the vital functions of the recipient rat after the transplant.
Prophylactically, we used an intraoperative antibiotic (100.000 UI/kg potassium penicillin intramuscularly, single dose); we also used a physiological serum solution (ml5, subcutaneous administered every 4 hours) for rehydration during the surgery and the next day. Each prevalid fl ap was infused with a cold heparinized solution (10% Dextran 40 and 90% physiological serum) at 4°C and continued until the venous refl ux became watery; this process lastedabout 5-10 minutes and needed volumes of about l 4-6 ml. Post-surgery (Figure 9 ), each animal was kept in a separate cage under standard conditions. The water and food for the lab animals were administrated ad libitum.
Immunosuppression
Group 2 (n=3) of rats received the hemiface allograft followed by a treatment with Cyclosporine A in unique therapy (Sandimmun Neoral-Novartis). It was administered starting at 0 days, in a dose of 15 mg/ kg until the 7th day ( Figure 10 ). Then the dose was decreased progressively up to 2 mg/kg for 4 weeks after the transplant and maintained at this level (Table 3) .
Clinical Assessment
During the postoperative period, the rats' general health status and weight were monitored ( Figure 11 ). The 
The rats in Group III undergone allotransplant without imunosupression in post operation period and developed reject reactions at day 16(+/-2 days)
A recipient rat 2 month postop. transplanted fl aps were assessed daily for clinical signs of rejection within the fi rst month after the transplant and weekly after this period. Any rash, edema, hair loss, desquamation, ulceration and progressive "melting" of the fl ap (clinical signs of rejection) were monitored.
Results
Lot No. 1, which was proposed for setting the anatomic marks and planning the operator sequences, has brought quantitative results refl ected in the conclusions of this study, but not qualitative results offering information on the anesthesia and operator stress on the animals, technical diffi culties that appeared during the dissection (especially homeostasis control and atraumatic technique of the structures dissection), time of the surgery (around 5 hours), post-operation rebalancing and survey. Lot No. 2 that received the immunosuppressive treatment with Cyclosporine A administrated by gavage tolerated the transplant during the entire period. The animals were monitored for 12 weeks, and no signs of rejection were observed, certifi ed by the Hematoxyin and Eosin stains obtained at the end of 12-week period when the animals were euthanized.
Lot No. 3 that did not receive an immunosuppressive treatment showed the fi rst signs of rejection, approximately 16 days after the operation (+/-2 days), making necessary the subsequent euthanasia of the animals. Hematoxylin and Eosin stains of the allogeneic grafts gradually showed distinct rejection patterns that progressed with time and were similar to those observed after human skin transplantation (Table 4) .
Discussion:
The rodents, and especially rats, are the most frequently used lab animals for the study of tissue composite transplant.
The initial sample of the hemiface transplant that was proposed by Demir¹² and partners used the combination of rat species proposed by Black as a transplant sample with the greatest survival, i.e. receptor rat Lewis and donor Brown Norway. In this study, the authors used the same combination of species. The results were similar, and the rats were correctly operated and adequately treated to survive without problems.
We used the hemiface transplant and not the total face transplant because the latter is much laborious needs much time, and the survival rates are much smaller for the extended cerebral ischemia sequence due to clamping of both carotid arteries, the ischemia time of the fl ap is longer, and the complexity of the procedure , taking into account the doubling of the number of microvascular anastomoses.
According to M. Siemionow [3] , approximately six hours are needed to achieve a total face transplant, and 3 hours, according to Demir [12] and Yazici [13] , for the performance of the hemiface transplant. The author of performed a hemiface transplant within 6 hours.
Nowadays, surgery may offer spectacular solutions for the reconstruction of mutilated faces, by a transplant from a human donor in cerebral death. This surgery has been proved effective, until now being performed 23 transplants in the world. It is an immense hope for a mutilated patient and a great challenge for the medical team having the plastic surgeon in its centre.
The experimental simulation of a facial transplant is an essential and mandatory stage in preparation for its clinical application. This procedure has generated several controversies, especially of an ethical nature, but the results of the fi rst cases achieved in the world showed an unexpected and unanimously recognized success. In addition, experimental research is needed Table 5 . Operating time in hours for the 2 pilot cases and 6 allotransplants to allow the extension of applicability of this concept on a much greater scale.
The surgical intervention consisting of a hemiface transplant in two neco-blood rats species, against the major complex of histocompatibility is a difficult task, especially represented by the technical care and accuracy of the procedure and the time allotted to this intervention (average 6 hours), which is spent mostly using an operator microscope. Besides the technical aspects, it supposes a firm knowledge of the concepts of immunology, pharmacology and anesthesia.
Operating time in hours for the 2 pilot cases and 6 allotransplants ( Table 5) .
As with any new procedure, there is a training and accommodation period, which involves a learning curve, and supposes the acquisition of a sufficient number of cases. After achieving this level, the transplant should be performed under safe conditions.
The anesthesia has some matters with an ideal combination of substances that should insure the analgesia, relaxation and sedation of the animal, with side effects as reduced as possible, and operator comfort for the surgeon. The manageable margin is very small, the doses should be thoroughly calculated on kg/body and administrated in tenths of a mg.
Our study confirms the good tolerance of the transplant offered by immunosupression with Cyclosporine A in rodents, juxtaposing on the previous experimental studies. The new generation of immunosupressors (Micofenolatmofetil, Tacrolimus, Thymoglobulin, etc.) already offers a more efficient protection in cases of composite tissue transplant with greater antigenicity and reduced side effects in persons.
These conclusions become expectations that into not far away future the transplant of nonvital tissues, and especially the face, should be feasible in many other countries than it is today.
